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Description 

BACKGROUND OF THE INVENTION 
5 I. Field of the Invention 

The present Invention relates to a human immunoglobulin G Fc region protein, a DNA fragment coding 
for the protein, plasmids containing the DNA fragment, microorganisms transformed with the plasmid, and a 
process for production of the human immunoglobulin Q Fc region protein using the transfonmed microor- 
70 ganism. 

2. Description of the Related Art 

An antibody is a protein present in the body fluid of vertebrates and capable of specific binding to an 
75 antigen. Proteins with a structure and functions related to the antibody proteins are generally designated as 
immunoglobulins. These immunoglobulins (abbreviated as Ig hereinafter) are classified to five classes, I.e., 
IgQ. IgA, IgM, IgE, and IgD. 

Among these immunoglobulins. IgG plays an important role in the biological defense against bacteria 
and viruses. 

20 Human IgG comprises two heavy chains (abbreviated hereinafter as H chains) and two light chains 
(abbreviated hereinafter as L chains), wherein an H chain and an L chain are linked via a disulfide bond, and 
two H chains are linked via several disulfide bonds. When a human IgG molecule is subjected to the action 
of a protease such as papain, the molecule Is cloven at approximately the center thereof into three 
fragments; two fragments having an antigen-binding activity (Fab region protein) and the other fragment 

25 having no antigen-binding activity but being easily crystallized (Fc region protein). The Fab region protein 
comprises an entire L chain and an amino terminal half of the H chain. The Fc region protein, on the other 
hand, comprises two fragments, each of which is a carboxy tenminal half of the H chain, and these fragment 
are comprised of a hinge region, a Ch2 domain and a Ch3 domain, in that order, and ^lnks to the other 
fragment via several disulfide bonds at the hinge regions. The Fc region has a function as an effector. 

30 As described above, since the IgG plays a important role in the biological defense, and Is present in a 
large amount in blood, a human IgG rich 7-globulin fraction is obtained from human blood and used in an 
partially modified form as an immunological agent for administration into patients with symptoms of a 
serious nature. That Is, the 7-globulin-containing pharmaceuticals are used as a supplement in hypogam- 
maglobulinemia, and for the prevention and treatment of viral diseases. Recently, It has been suggested 

35 that the 7-globulin preparation Is effective for the treatment of ideopathic chrombopenic purpura (ITP) (see, 
P. Imbach et a!., Uncet , 1, 1228, 1981); and especially, it was suggested that the Fc region is important In the 
above-mentioned application (see, Boku et al.. Rinsho Meneki , 15, 76 (1983). Moreover, immunocomplexes 
deposited on glomemlum in the case of systemic lupus erythemitosus (SLE) were reported to be dissolved 
by adding human IgG Fc region protein (see, Kawasumi. Rinsho Meneki, 16, 240, 1984). 

40 Nevertheless, although the 7-globuIin preparations and the Fc region protein derived therefrom are 
useful as the therapeutic agents for autoimmune diseases such as ITP and SLE. as mentioned above, such 
immunological preparations have certain disadvantages. For example, since the preparations are prepared 
from human blood which is difficult to obtain In a large amount as one lot. to obtain a substantial amount of 
the preparation, many lots of blood must be pooled. This gives rise to the problem of a diversity in the 

45 quality of the preparations, and a higher risk of viral contamination. 

Therefore, it is much more desirable to produce the human Immunoglobulin G Fc region protein by 
gene technology. The human IgG H chain Is classified into four subclasses, i.e., 71 chain, 72 chain. 73 
chain, and 74 chain. Among these subclasses, for the 72 and 7* chains, U. Krawinkel et al., EMBO J. L, 403 
{1982) discloses a partial nucleotide sequence of a 72 chain gene and a 74 chain gene; and for the ^ chain, 

50 J. W. Ellison et aL, Nucleic Adds Res. 10, 4071 (1982) discloses a partial nucleotide sequence of a 71 chain 
gene. However, such reports do not disclose a DNA fragment capable of expressing a human IgG H chain 
gene. 

SUMMARY OF THE INVENTION 

55 

The present invention provides a monomeric human immunoglobulin G Fc region protein comprising an 
amino acid sequence from Thr at position 2 to Lys at position 224 in the amino acid sequence represented 
in Figure 2, essentially free of other proteins of human origin. 
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The present invention also provides a dimeric human immunoglobulin G Fc region protein derived from 
the above-mentioned monomeric proteins. 

The present invention provides, a gene fragment coding for the at>ove-mentioned monomeric protein; 
plasmids containing the above-mentioned gene fragment; and. microorganisms transformed with the above- 
5 mentioned plasmid. 

Another object of the present invention is to provide a process for the production of the human 
immunoglobulin G Fc region protein by culturing the above-mentioned microorganism to accumulate the 
protein in the cultured product, and recovering the protein from the cultured product. 

Other objects and advantages of the present invention will be apparent from the description set forth 
70 herelnbelow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures l-l and 1-2 represent a part of the nucleotide sequence In an expression plasmid pFC362 for the 
75 human immunoglobulin G Fc region protein, and a corresponding amino acid sequence of the Fc region 
protein: 

Fig. 2 represents a restriction endonuclease cleavage map of a clone containing the human im- 
munoglobulin G gene, and a restriction endonuclease cleavage map of a subclone containing the Fc 
region gene; 

20 Fig. 3 represents a process for the construction of a plasmid pFC70 containing a Ch3 part gene; 

Fig. 4 represents a process for the construction of a plasmid pFC77 containing a Ch2-Ch3 part gene; 
Fig. 5 represents a process for the construction of an expression plasmid pFC203 for the Fc region 
gene; 

Rg. 6 represents a process for the construction of an expression plasmid pFC204 for the Fc region 
25 gene; 

Fig. 7 represents a process for the construction of expression plasmids pFC203S and pFC203P for the 
Fc region gene; 

Fig. 8 represents a process for the construction of an expression plasmid pFC2ll for the Fc region gene; 
Fig. 9 represents a process for the construction of expression plasmids pFC36l and pFC362 for the Fc 
30 region gene; and, 

Fig. 10 represents a result of confirmation of the expression of the Fc region gene. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

35 The present invention is directed to the production of human immunoglobulin G Fc region protein in 
monomeric and dimeric fonms. To this end. there are provided, a gene fragment coding for the above- 
mentioned Fc region protein; recombinant plasmids containing the gene fragment; recombinant microorgan- 
isms transformed with the plasmid; and a process for production of the Fc region protein using the 
recombinant microorganism. 

40 In the present specification and drawings, amino acids, peptides, and nucleotide sequences, are 
described by using, optionally, abbreviations recommended by the lUPAC-lUB (Commission on Biological 
Nomenclature) or those conventionally used In the art. 

The monomeric human immunoglobulin G Fc region protein according to the present invention 
comprises an amino acid sequence from Thr at position 2 to Lys at position 224, as shown in Figures l-l 

45 and 1-2, and essentially free of other proteins of human origin. In one embodiment, the present monomeric 
Fc region protein has an additional amino acid such as Met or Ser at position 1 in Figure 1-1. The protein 
may be glycosylated depending on the host used. Its glycosylation pattern may be different from the natural 
form. 

The dimeric human immunoglobulin G Fc region protein may be derived from two molecules of the 
50 above-mentioned monomeric protein by natural or artificial association via disulfide bonds. 

The gene fragment of the present invention encodes a polypeptide comprising amino acids from Thr at 
position 2 to Lys at position 224. as shown in the Figs, l-l and 1-2. In one embodiment, the gene fragment is 
a double stranded DNA fragment which comprises a single, stranded coding DNA shown by a nucleotide 
sequence from A at a position 86 to A at a position 754 shown in the Rgs. l-l and 1-2. and a single stranded 
55 DNA complementary to the coding DNA. 

In another embodiment, the gene fragment of the present invention encodes a polypeptide consisting of 
amino acids from Met at position I to Lys at position 224. In this embodiment this gene fragment is a 
double stranded DNA fragment which consists of a single stranded coding DNA shown by a nucleotide 
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ZZeZ .0 tt?X" ' ^* - '-^ ^ a .„g. strange. DNA 

for ZV^^^HTf^'^ °* P'^"* ""^y addition to the DNA fragment codinq 

L1Z^,VT rT""'."^ ''^^ '^'^ ''^ '"o^^ Stop <=odons dovmstrea;^ of 1 DNA 

fragment coding for the l=c region protein. Moreover, the recombinant plasmid may contS^ a oramZ 

Z^i^^^ Jr^^'^^^l: * ♦^P^P''^" °P«^0" P^o-^otor or a tac promoter in thfe 

Z^?Jh n"^?'"""* '"^"^ ^ DNA fragment which conS ci a sinate 

(a) Preparation of human chromosomal DNA and gene library 

S^an?lT"Jfho; H H ""^^ appropriate conditions, for example, at a temperature 5f 

th?™rirfm?D'^^^^ ^'^"'^ ^P'^- P'--' P"^^'-. and 

K» ^•^'^'"OsomaJ DNA thus obtained is then digested vyith a restriction enzyme such as Eco Ri to 

s^rrn^^riS r;r i"^^*^ *° ^ ^^^^^ ^^^^^^^ ^"^^ - char:;Tver ".ai 

(b) Preparation of resfriction enzyme cleavage map of subclone 

The phage In the gene library are transfected into a host such as E coli LE 392 (ATCC ^^«v7« tn 
orm plaques^which are then screened by plaque hybridization (W^.leS, etTS fg? Lo 

^JZ *f '^'^'^ fragment of clones positive in the above-mentioned plaque hybridization resfriction 

subZJ toT P^^P^^^' ^"-^ ^'^'^ fr^a'"^"** derived from humrSromc^e a^ 

subcloned to a plasmid vector such as pBR322 (F. Bolivar et al. Gene, 2. 95 1977) are 

An insert DNA of the resulting subclones is sequenced accordiPig-to-the Maxam-Gilbert method (A M 

(c) Preparation of DNA fragment 

Since the human IgG Fc region protein gene thus obtained is of human chromosomal orinin » 
conteins mfrons and. therefore, cannot be expressed in microorganisms. Th^eL t^eT^glZe is 

lrrsl?n,r "^^f r ^'9'°" ""^^ downsfream to an app^pnl pr^S 

and a Shine-Dalgamo (S-D) sequence to fom, an expressible gene. Useful promoters iL^r ie 

nrl^KiL P •« ^ *® ^ *^ P''»"otor and the tac promoter are esS5 

^ <^n *^ ^ '^S'"" 9^"«- *e region gene is preJeJabX linkXc a 

pmmotor, S-D ^uence. and a franslation start codon positioned upsfre^ ^0'^^^ tV^^^^^^^^^ 

start codon. an Fc region gene, and franslation stop codons are linked, in this order '""siation 
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(d) Construction of recombinant plasmids and recombinant microorganisms 

The expression plasmid can be constructed by inserting the expressible human IgQ Fc region gene 
into an appropriate plasmid vector such as pBRd22. The expression plasmids according to the present 
invention preferably include pFC203. pFC204. pFC203S, pFC203P, pFC2ll, pFC36l, and pFC362. 
5 Microbial hosts for expression of the human IgG Fc region gene include Escherichia coll , Bacillus 

subtiiis and yeast, preferably E. coli. The above-mentioned plasmid can be incorporated into a microbial 
host such as E. coli accordingloTknown method (M.V. Norgard et al. Gene 3. 279. 1978). 

The recombinant microorganisms thus obtained are cultured by a niethod known per se. The 
medium used for the cutturing is. for example, an M9 medium (T. Maniatis et al. ed., Molecular Cloning , 
10 p 440, Cold Spring Harbor Laboratory, New York, 1982) supplemented with glucose and casamino acids, 
to which medium is optionally added an antibiotic such as ampicillin to stabilize expression plasmids in 
the host cells. 

The culturing is carried out under a condition suitable for the culturing of recombinant microorgan- 
isms, for example, at a temperature of 37' C for 2 to 38 hours with shaking, or aeration and agitation. If 
75 necessary, 3,iS-indoleacrylic acid (when a trp promoter is used), or isopropyl-jS.D-thiogalactoside (when a 
tac promoter is used) is added to the culture medium at the start of culturing, or during culturing, to 
induce the expression. 

After the culturing, the resulting recombinant microbial cells are collected by a conventional means, 
such as centrifugation or filtration, the collected cells are suspended In an aqueous medium such as a 
20 phosphate buffer, the suspension is sonicated to disrupt the cells, and centrifuged to obtain a lysate. The 
amount of human IgG Fc region protein In the lysate can be determined by enzyme immunoassay using 
a commercially available rabbit antiserum containing the antihuman IgG Fc component and enzyme- 
labeled anti-rabbit Ig antibody. 

The human IgG Fc region protein can be purified from the lysate according to a conventional 
25 process used for isolation and purification of a protein. Preferably, affinity column chromatography using 
anti-human IgG Fc component antibody is used. 

The purified Fc region protein in monomeric form can be converted to a dimeric form wherein two 
monomeric proteins are linked via two disulfide bonds similar to natural immunoglobulin by, for example, 
a method disclosed by Chance et al. (R.E. Chance et al.. Peptides: the Seventh U.S. Peptide Symposium 
30 Proceedings, D.H. Rich & E. Gross ed., 721-728, Piece Chemical Co., Rockford. IL, 1981). 

A dimeric protein can be converted to a monomeric protein by reducing the dimeric protein under 
the conventional conditions for reductive cleavage of a disulfide bond, for example, by adding dithioth- 
reitol or 2-mercaptoethanoL A mixture of a monomeric protein and a dimeric protein can be separated 
into individual forms by any conventional separation procedure, such as gel filtration techniques. 

35 

Examples 



The present invention will now be further illustrated by. but is by no means limited to, the following 
examples. 

40 

Example I. Isolation of human chromosomal DNA 



3 X 10^ cells of the human lymphoma cell line ARH77 were disrupted with a glass rod. and the 
disrupted celts were treated with protease K (Sigma) in the presence of 2% SDS, added to phenol saturated 

45 with an aqueous solution containing 10 mM Tris-HCI (pH 8.0) and I mM EDTA, and mixed. The aqueous 
phase was separated from the phenol phase by centrifugation to obtain the aqueous phase (phenol 
extraction), which was then dialysed against an aqueous solution containing 20 mM Tris-HCI (pH 7.5). 100 
mM NaCI, and 5 mM EDTA. The dialysate was treated with ribonuclease A (Sigma), again extracted with 
phenol, and dialysed against an aqueous solution containing 10 mM Tris-HCI (pH 8.0) and I mM EDTA to 

50 obtain about 1.2 mg of human chromosomal DNA (N. Blln et al.. Nucleic Acids Res. 3, 2303, 1978). 



Example 2. Preparation of human gene library 



150 ug of the human chromosomal DNA obtained in Example I was partially digested with restriction 
55 enzyme Eco Rl (Takara Shuzo, Japan), and the digest was subjected to sucrose density gradient 
centrifugation in 10 to 40% (w/v) sucrose at 28,000 rpm (120.000 x g) for 15 hours at a temperature of 
20* C. to obtain 4.3 ug of DNA fragments corresponding to 15 to 23 Kbp. 0.8 ug of the DNA fragments were 
then ligated with Charon 4A vector to obtain a hybrid DNA comprising the DNA fragments of human origin 
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franked with a right arm and a left arm of the Charon 4A vector. The ligation was canried out with T4 DNA 
ligase (Bethesda Research Laboratories) in an aqueous solution containing 66 mlW TrIs-HCI (pH 7.6), 6.6 
mM MgCb . 10 mM dithiothreitol and I mM ATP. at ll'c for 12 hours. The hybrid DNA thus obtained was 
subjected to In vivo packaging to obtain. a human gene library (1.8 x 10^ PFU/ug, containing 99% of the 
s human chromosomal DNA). 

Example 3. Screening for human immunogtobulin G gene 



The gene library prepared in Example 2, comprising a population of the Charon 4A phage containing 
10 the DNA fragment of human origin, was used to transfect E. coil LE 392 to form plaques. Clones containing 
the human immunoglobulin gene were selected by a plaque hybridization method using ^sp-iabeled human 
antibody H chain J gene as a probe. DNA containing the human immunogiobulin gene was prepared from 
the Charon 4A phage according to a method of Thomas et al. J. Mol Biol. 91, 315. 1974. 



15 Example 4. Preparation of restriction map 



I ug of Charon 4A DNA containing the human immunogiobulin gene was dissolved in 20 ai of a 
restriction enzyme buffer, 2 to 4 units of a restriction enzyme were added to the solution, and it was 
incubated for more than one hour. The incubation was canied out at 60 ' C for restriction enzymes Est Nl 

20 and Taq I. and at 37* C for other restriction enzymes. The restriction enzyme buffer was an aqueous 
solution containing 50 mM Tris-HCI (pH 7.4). 100 mM NaCI. and 10 mM MgSO* for Eco RI, Taq I. Xba I. and 
Xho I; an aqueous solution containing 10 mM Tris-HCi (pH 7.5). 60 mM NaCI. and 7 mM MgCb for Bam HI. 
Cla I. Hind III, Pst I, Rsa I, and Sau 3AI; an aqueous solution containing 10 mM TrIs-HCI (pH 7.4), 10 mM 
MgS04 , and I mM dithiothreitol for Bal 1. Bst Nl. Nae I. and Sst II; and an aqueous solution containing 10 

25 mM Tris-HCI (pH 8.0), 20 mM KCI, 7 mM MgCIa . and 7 mM 2-mercaptoethanol for Sma I. Restriction 
enzymes Bst Nl, Cla I and Nae i were obtained from New England Biolabs; Sst II was obtained from 
Bethesda Research Laboratories; Rsa I. Sau 3AI and Taq I were obtained from Nippon Gene; and other 
restriction enzymes were obtained from Takara Shuzo. Where two restriction enzymes were used, DNA was 
treated first with a restriction enzyme which acts at a lower salt concentration, and after the salt 

30 concentration in the reaction mixture was increased, treated with another restriction enzyme which acts at a 
higher salt concentration. 

After the cleavage of DNA with the restriction enzyme. 4 ul of an aqueous solution of 0.25% 
bromophenol blue in 50% glycerol was added to the reaction mixture, and the mixture was subjected to 
agarose gel electrophoresis, wherein 0.8 to 2.5% of agarose concentration was used. This agarose was 

35 Type II for electrophoresis use obtained from Sigma. The electrophoresis buffer was an aqueous solution 
containing 40 mM Tris-CHaCOOH (pH 8.0) and I mM EDTA. Bectrophoresis was canied out using a vertical 
gel 2 mm thick, at a voltage of 6 to 9 V/cm for 1.5 to 3 hours. As a molecular weight marker, a cleavage 
product of X phage DNA with Hind III (Boehringer Mannhein) was used. After the electrophoresis. DNA in 
the agarose gel was stained with 2 ug/ml of an ethidlum bromide aqueous solution, and the agarose gel 

40 was irradiated with long wavelength UV to observe the restriction enzyme cleavage pattern of the DNA. By 
analyzing cleavage patterns obtained by each restriction enzyme digestion and by combinations of 
digestions with two restriction enzymes, the relative positions of restriction enzyme cleavage sites for some 
restriction enzymes were determined as shown in Rg. 2(A). Figure 2(A) represents a restriction map for 
human chromosomal DNA containing the human immunoglobulin G gene. 

46 

Example 5. Subcloning of human Immunoglobulin G gene 



3 ug of Charon 4A,DNA containing the human immunoglobulin G gene was cloven with restriction 
enzyme Hind III according to the same procedure as used in Example 4, and the cleavage product was 
subjected to agarose gel electrophoresis (gel concentration 0.8%). A gel fragment containing a band 
corresponding to DNA of about 8.2 Kbp containing the human IgG Fc region gene was excised from the gel, 
and the excised gel fragment was dissolved in 3 volumes/weight of an 8 M NaCIO* aqueous solution. A 
DNA fragment of about 8.2 Kbp In length was recovered from the agarose gel solution by a method 
disclosed by C.W. Chen et al. Anal. Biochem. 101, 339 (1980). 

On the other hand. 1 wg of plasmid pBR322"was cloven with restriction enzyme Hind III according to the 
procedure described in Example 4. and 0.5 units of alkaline phosphatase (E. coli C 75; Takara Shuzo) were 
added to the reaction mixture, and reacted at 45'C for one hour. After theleaction. the reaction mixture 
was extracted three times with phenol to Inactivate and eliminate the alkaline phosphatase. This reaction 
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mixture containing pBR322 DNA treated with Hind IK and alkaline phosphatase was mixed with the above- 
described Hind III fragment of 8.2 Kbp recovered from the agarose gel, the mixture then subjected to 
ethanol precipitation, and the precipitate dissolved in 50 ul of a ligation mixture (see Example 2). 2 units of 
T4 DNA ligase were added to the solution, and reacted for 1 2 hours at 11* C to llgate the DNA fragments. 

5 The ligation mixture was used to transform E. coli C 600 r**m~ (ATCC 33525) by a modified method of 
a conventional CaCb method (M,V. Norgard). ThiTTs, E. coli C 600 r'm" was cultured for 18 hours to 
prepare an inoculum, which was then inoculated to 5 ul oFL medium (1% trypton. 0.5% of yeast extract, and 
0.5% of NaCI, pH 7.2), and the E. coll was cultured to an extent conresponding to an optical density at 600 
nm (ODsoo) of 0.3. The cuiturecTcens were washed two times in a cold magnesium buffer (0.1 M NaCl. 5 

10 mM MgCl2 , 5 mM Tris-HCI. pH 7.6, 0* C), resuspended in a cold calcium buffer (100 mM CaCb , 250 mM 
KCI, 5 mM MgCIa . 5 mM Tris-HCI. pH 7.6. 0* C), and the suspension was allowed to stand for 25 minutes 
at 0 * C. The cells were separated by centrif ugation and resuspended to a l/IO volume of the calcium buffer 
to increase the cell concentration. The concentrated cell suspension was then mixed with the above- 
mentioned aqueous solution containing the ligated DNA at a volume ratio of 2:L The mixture was maintained 

16 for 60 minutes at O' C, and I ml of an LBG medium (1% trypton. 0.5% yeast extract was added. 1% NaCI 
and 0.08% glucose. pH 7.2). and culturing was canied out at 37* C for one hour with shal<lng. 100 ul/plate of 
the cultured broth was inoculated on a selective medium (L medium plate containing 30 ug/ml of ampicillin), 
and the plates were incubated at 37*C overnight to develop colonies of transformants. From the ampicillin 
resistant colonies, DNA was prepared by a conventional method, and analysed by agarose gel etec- 

20 trophoresis to confirm a desired subclone pTJlB (about 12.6 Kbp). 

A restriction map of the subclone was prepared according to the procedure described in Example 4, 
and is shown in Fig. 2(B). As shown in Fig. 2(B), it was confirmed that three or four Pst I sites existed 
between Pst 1(3) and Hind 111(3). Note, one position was not confirmed. 

Moreover, a Pst 1(2) - Pst 1(3) DNA fragment having a length of 1.7 Kbp was excised and inserted into a 

26 Pst I site of plasmid pBR322 to construct a plasmid pTJ5 (about 6.1 Kbp), according to the procedure as 
described for pTJIB. A desired clone was selected from the tetracycline resistant transformants, and a 
restriction map of the subclone thus obtained was as shown in Fig. 2(C). 

Example 6. Sequencing of DNA 

30 

A nucleotide sequence of the human immunoglobulin G Fc region gene was determined according to 
the Maxam-Gilbert method. 

For example, about 50 ug of DNA of the subclone pTJ5 constructed as shown in Example 5 was cloven 
with Sma 1 according to the procedure described in Example 4. the resulting DNA fragments were 

35 dephosphorylated with an alkaline phosphatase, and labeled with [-r32p]-ATP using 5 units of poly- 
nucleotldekinase (P-L Biochemicals). The reaction using polynucleotidekinase was carried out in an aqueous 
solution containing 50 mM TrIs-HCI (pH 9.5). 10 mM MgCb , and 5 mM dithiothreitol with 100 uCi of ly^Py 
ATP (Amersham). The 32p.|abeled DNA fragments were cloven with Pst I, desired DNA fragments were 
separated by polyacrylamide gel electrophoresis (acrylamide concentration 5%). and extracted from the gel 

40 according to the procedure described hereinafter in Example 7. The ^^p-iabeled Sma l-Pst I fragments thus 
obtained were subjected to a base-specific partial cleavage, and the product was separated by 
polyacrylamide gel electrophoresis (acrylamide concentration 8 to 23%) in 7 M urea. The gel was subjected 
to autoradiography at -80*0 for I day, the cleavage pattem was analysed, and the result was used to 
determine a nucleotide sequence of the Fc region gene. 

45 On the other hand. DNA of plasmid PTJ5 was cloven with Pst I, and the resulting DNA fragment was 
labeled with [o-32p]-ddATP using a 3'-tenminal label kit (Amersham). The ^^p-iabeled DNA fragments were 
cloven with Sma I, and desired DNA fragments were separated and purified by polyacrylamide gel 
electrophoresis (acrylamide concentration 5%). The ^zp-iabeled Pst l-Sma I fragments were analysed as 
described above, and the result was used to detenmine a nucleotide sequence of the Fc region gene. 

50 

Example 7. Construction of expression plasmid (cloning of Ch3 part gene) 



DNA of plasmid pTJ5 constructed in Example 5 was cloven with a restriction enzyme Pst I according to 
the procedure described in Example 4. the resulting DNA fragments were separated by agarose gel 
55 electrophoresis (agarose concentration 0.8%), and a DNA fragment of about 1.7 Kbp containing the Fc 
region gene was recovered from the gel by the procedure described in Example 5. The DNA fragment thus 
obtained was cloven with a restriction enzyme Nae I by. the procedure described in Example 4, and the 
resulting DNA fragments were separated by polyacrylamide gel electrophoresis (gel concentration 5%). A 
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gel fragment containing a band corresponding to a DNA fragment of about 0.6 Kbp containing a Ch3 part 
gene was excised and disrupted, tfie disrupted gel particles were added witfi 2 to 5 ml of an elutlon buffer 
(500 mM ammonium acetate. I mM EDTA and 0,1% SDS. pH 7.5), and the mixture was shaken at 37* C 
overnight. The mixture was centrifuged to recover an aqueous phase containing the desired DNA fragment. 
The DNA fragment thus obtained was then cloven with restriction enzyme Rsa I by the procedure described 
in Example 4. the resulting DNA fragments separated by polyacrylamide gel electrophoresis (gel concentra- 
tion 5%), and a DNA fragment of about 310 bp containing a Ch3 part gene was recovered from the gel as 
above mentioned. 

The Rsa I - Nae I DNA fragment containing the Ch3 part gene was inserted into the Bal I site of the 
plasmid pBR322 according to a procedure essentially similar to the procedure described in Example 5. to 
construct a plasmid pFC70 (about 4.7 Kbp) wherein the reading orientation of the Ch3 part gene was the 
same as the reading orientation of the tetracycline resistance gene in pBR322. i.e., clockwise orientation in 
Rg. 3). The process for constructing pFC70 is shown in Rg. 3. 

Example 8. Construction of expression plasmid (ligation of Ch2 part gene and Ch3 part gene) 



The DNA fragment of 1.7 Kbp containing the Fc region gene obtained in Example 7 was cloven with 
restriction enzymes Sau 3AI and Taq I. the resulting DNA fragments were separated by polyacrylamide gel 
electrophoresis (acrylamide concentration 5%), and about 0.5 ug of DNA fragment having a length of about 
240 bp containing the Ch2 part gene was recovered from the gel by the procedure described in Example 7. 

A double stranded oligonucleotide corresponding to a joint region between the Ch2 part gene and Ch3 
part gene, having a nucleotide sequence shown in Rg. 4, was prepared by separately synthesizing a single 
stranded upper chain and a lower chain. 

The single strarnled oligonucleotides were synthesized by the phosphoamidite method using a fully- 
automatic DNA synthesizer (Applied Biosystems. Model 380A), The synthetic oligonucleotides were purified 
according to a manual disclosure by Applied Biosystems. That is, an aqueous ammonium solution 
containing synthetic oligonucleotides was maintained at 55' C ovemight to deprotect the DNA base, and the 
solution was subjected to gel filtration using Sephadex G-50 fine gel (Pharmacia) to isolate a synthetic 
oligonucleotide with a high molecular weight. Next, the isolated product was subjected to polyacrylamide 
gel electrophoresis (acrylamide concentration 20%) in 7 M urea, and a migration pattern in the gel was 
observed to determine the position of a band corresponding to a desired oligonucleotide size. The desired 
part of the gel thus detemnined was then excised, and a desired synthetic oligonucleotide was recovered 
from the excised gel piece according to the procedure described in Example 7, Rnally. the oligonucleotide 
solution was applied on a gel filtration column (Sephadex G-50) to obtain a purified synthetic oligonucleotide 
preparation. If necessary, the polyacrylamide gel electrophoresis was repeated to improve the purity of the 
oligonucleotide product. 0.1 to 1.0 ug of the purified synthetic oligonucleotide was treated with polynucleotide 
kinase in the presence of I a\M ATP as described in Example 6, to phosphorylate the 5'-end of the 
oligonucleotide. Two phosphorylated synthetic oligonucleotides corresponding to the upper chain and lower 
chain were mixed, and the mixture was gradually cooled from 70'C to room temperature for annealing. As 
described above, a Taq I - Sma I DNA fragment of about 68 bp corresponding to a joint region between the 
Ch2 part gene and Ch3 part gene was obtained. 

On the other hand, about 5 ug of DNA of the plasmid pFC70 was dissolved in the cleavage buffer for 
the restriction enzyme Sma I as described in Example 4. the solution was added with 2 to 5 units of Sma I, 
and incubated at 20*C for 15 to 45 minutes for partial digestion. The reaction mixture was extracted with 
phenol to inactivate the Sma I, and subjected to cleavage with Bam HI according to the procedure 
described in Example 4. The resulting DNA fragments were separated by agarose gel electrophoresis 
(agarose concentration 0.8%). and a Bam HI - Sma 1(1) DNA fragment of about 3.6 Kbp containing most of 
the Ch3 part gene, as shown in Rg. 4, was recovered from the gel by the procedure described in Example 
5. 

The Sau 3A1 - Taq I DNA fragment containing the Ch2 part gene; the Taq I - Sma I DNA fragment 
corresponding to the joint region between the Ch2 part gene and Ch3 part gene; and the Bam HI (Sau 3AI) - 
Sma 1(1) DNA fragment containing the Ch3 part gene and a vector part, all prepared as above-mentioned, 
were mixed and ligated according to a procedure roughly the same as the procedure described In Example 
5, to construct a plasmid pFC77 of about 3.9 Kbp wherein the Ch2 part gene and the Ch3 part gene were 
linked without an Intervening intron. i.e.. directly. The above-mentioned process for constructing the plasmid 
pFC77 is shown in Rg. 4. 

Example 9. Construction of expression plasmid (iigatlon of Fc region gene and promoter) 
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The DNA of tho plasmid pFC77 obtained in Example 8 was cloven with restriction enzymes Sst II and 
Pst I by the same procedure described in Example 4, and after agarose gel electrophoresis (agarose 
concentration 0.8%). an Sst II - Pst I DNA fragment of about 2.7 Kbp containing the downstream part of the 
Ch2 part gene, the entire Ch3 part gene, and a part of the vector region, as shown in Fig. 5. was recovered 

5 from the gel by the procedure described In Example 5. 

On the other hand, the DNA fragment of about L7 Kbp containing the Fc region gene obtained in 
Example 7 was cloven with restriction enzymes Bst Nl and Sst II by the procedure described In Example 4, 
and after polyacrylamide gel electrophoresis (acrylamide concentration 5%), a Bst Nl(5) - Sst II DNA 
fragment of about 171 bp containing an upstream part of the Ch2 part gene was recovered from the gel by 

10 the procedure described in Example 7. 

Moreover, a double stranded oligonucleotide of about 39 bp corresponding to a joint region between a 
promoter and Fc region gene, shown in Fig. 5, was prepared by the procedure described in Example 8. 
This Cla I - Bst Nl(5) DNA fragment contains a restriction enzyme Cla I site for ligation to a trp promoter, a 
translation start codon ATG, an h part gene, and an upstream part of the Ch2 part gene, in sequence in this 

75 order. Therefore, by using this DNA fragment the Fc region (h-CH2-CH3 part) gene without any intron can 
be linked downstream of the tryptophan *operon*SD sequence within an appropriate distance. 

On the other hand, the DNA of the plasmid pYS3IN of about 4.7 Kbp containing the trp promoter was 
cloven with restriction enzymes Pst I and Cla I by the procedure described in Example 4, and after agarose 
gel electrophoresis (agarose concentration 0.8%). a Pst I - Cla I DNA fragment of about I.I Kbp containing 

20 the trp promoter and a part of the vector region, as shown In Rg. 5, was recovered from the agarose gel by 
the procedure described In Example 5. 

The Sst II - Pst I DNA fragment containing a downstream part of the Ch2 part gene, Ch3 part gene, and 
a part of the vector region; a Bst Nl(5) - Sst II DNA fragment containing an upstream part of the Ch2 part 
gene; the Cla I - Bst Nl(5) DNA fragment corresponding to the joint region between the promoter and the Fc 

25 region gene; and the Pst I - Cla I DNA fragment containing the trp promotor and a part of the vector region, 
all prepared as described above, were mixed and ligated to construct an expression plasmid pFC203 of 
about 4.0 Kbp for the Fc region (h-CH2-CH3 part) gene by a procedure roughly the same as the procedure 
described in Example 5. The above-mentioned process for construction of the pFC203 is shown in Fig. 5. 
Moreover, a double stranded oligonucleotide having a nucleotide sequence shown in Fig. 6 correspond- 

30 ing to a joint region between the promotor and the Ch2 part gene was prepared and used to obtain an 
expression plasmid pFC204 for the Fc region (Ch2-Ch3 part) gene by essentially the same procedure as 
described above. The process for construction of pFC204 is shown in Fig. 6. 

Example 10. Modification of expression plasmid (change in distance between the S-D sequence and 
35 translation start codon) 



About 3 ug of DNA of the Fc region expression plasmid pFC203 obtained in Example 9 was cloven with 
restriction enzyme Cla I by the procedure described In Example 4. and dissolved in 40 ul of a polymerase 
buffer (50 mM Tris-HCI, pH 7.2, 10 mM MgSO* . 0.1 mM DTT, and 50 mg/ml BSA), and 2 units of DNA 

40 polymerase I large fragment (Bethesda Research Laboratories) in the presence of 0.25 mM of dCTP and 
0.25 mM of dGTP were added. The reaction mixture was incubated for 30 minutes at 37* C to produce 
blunt ends, and the reaction mixture was then extracted with phenol to inactivate the DNA polymerase I 
large fragment, and self-ligation was carried out by the procedure described in Example 2. The Fc region 
gene expression plasmid pFC203P was then constructed by the procedure described in Example 5. In this 

45 plasmid pFC203P. the distance between the S-D sequence and translation start codon is longer by 2 bp 
than that of pFC203. 

Rgure 7 shows a process for the construction of pFC207P, and a nucleotide sequence between the S-D 
sequence and translation start codon ATG. 

Next, about 3 ug of DNA of the Fc region gene expression plasmid pFC203 constructed in Example 9 

50 was cloven with restriction enzyme Cla I by the procedure described in Example 4, and dissolved in 40 ul 
of an S-l nuclease buffer (30 mM sodium acetate, 50 mM NaCI, I mM ZnSO* and 6% glycerol, pH 4.8). and 
25 units of S-l nuclease (Bethesda Research Laboratories) were added to the solution, and it was incubated 
at 37* C for 30 minutes to produce blunt ends. After the reaction mixture was extracted to Inactivate the S-l 
nuclease, the Fc region gene expression plasmid pFC203S was constructed as described above. In this 

55 plasmid pFC203S, the distance between the S-D sequence and translation start codon was shorter by 2 bp 
than that of pFC203. Figure 7 also shows a process for the construction of pFC203S, and a nucleotide 
sequence between the S-D sequence and translation start codon ATG. 
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^^"^P'^ I!; Modification of expression ptasmid (incorporation of tandem stop codons) 

DNA of the Fc region gene expression plasmid pFC203 constructed in Example 9 was partially cloven 
with restriction enzyme Sma I, and then completely cloven with restriction enzyme Pst I by essentially the 
same procedure as described in Example a After agarose gel electrophoresis (agarose concentration 
0.8%). an Sma 1(2) - Pst I DNA fragment of about L8 Kbp containing a major part of the Fc region gene and 
a part of the vector region, as shown in Rg. 8. was recovered from the agarose gel by same procedure 
described in Example 5. 

On the other hand, a double stranded oligonucleotide of about 17 bp having a nucleotide sequence 
shown in Fig. 8 corresponding to a downstream part of the Ch3 part gene and translation stop codons was 
prepared by the procedure described in Example 8. This Sma 1(2) - Bam HI DNA fragment contained a part 
of the Ch3 part gene, two tandem translation stop codons represented by the nucleotide sequence 
TAATAG. and a restriction enzyme Bam HI site for ligation to a vector. Therefore, this DNA fragment can be 
used to incorporate tandem translation stop codons Into an expression plasmid. 

The plasmid pBR322 DNA was cloven witii restriction enzymes Pst I and Bam HI by the procedure 
described in Example 4, and after agarose gel electrophoresis (agarose concentration 0.8%), a Bam HI - Pst 
I DNA fragment of about 3.2 Kbp containing a major part of the vector region, as shown in Fig. 8, was 
recovered from the agarose gel by the procedure described in Example 5. 

The Sma 1(2) - Pst I DNA fragment containing a major part of the Fc region gene and a part of the 
vector region; the Sma 1(2) - Bam HI DNA fragment containing a downstream part of the C„3 part gene and 
tandem translation stop codons; and tiie Bam HI - Pst I DNA fragment containing a major part of tiie vector 
region, ail prepared as described above, were mixed and ligated to construct the Fc region gene expression 
plasmid PFC2II of about 5.0 Kbp having tandem translation stop codons. by roughly the same procedure as 
descnbed in Example 5. The above-mentioned process for tiie construction of pFC211 is shown in Fig. 8. 

Sample 12. Modification of expression plasmid (use of tac promoter) 

DNA of the Fc region gene expression plasmid pFC203 obtained In Example 9 was cloven witti 
restriction enzyme Cla I by the procedure described In Example 4. and the resulting DNA was treated witii 
DNA polymerase I large fragment in the presence of dCTP and dGTP to produce blunt ends by tiie 
procedure described in Example 10. Next, the blunt-ended DNA fragment was cloven with restriction 
enzyme Pst I by the procedure described in Example 4. and after agarose gel electrophoresis (agarose 
concentration 0.8%). a DNA fragment of about 2.8 Kbp containing an entire Fc region gene and a major part 
of a vector region, as shown in Fig, 9. was recovered. 

On the otfier hand. DNA of the plasmid pDR540 of about 4.0 Kbp (Pharmacia) containing tiie tac 
promotor was cloven witti restriction enzyme Bam HI by the procedure described in Example 4. and tiie 
resulting DNA was treated witti DNA polymerase I large fragment in tiie presence of dGTP, dATP. dTTP. 
and dCTP to produce blunt ends, by tiie procedure described In Example 10. The blunt ended DNA 
fragment was then cloven witii restriction enzyme Pst I by the procedure described in Example 4. and after 
agarose gel electrophoresis (agarose concentration 0.8%). a DNA fragment of about 1,1 Kbp containing ttie 
tac promotor and a part of tfie vector region, as shown In Fig. 9, was recovered from the agarose gel. 

The DNA fragment of about 2.8 Kbp containing the entire Fc region gene and a major part of the vector 
region, and tiie DNA fragment of about 1.1 Kbp containing the tac promotor and a part of the vector region, 
both prepared as above, were mixed and ligated to construct the expression plasmid pFC36l of about 3.9 
Kbp, wherein the Fc region gene was linked downstream to the tac promotor, by roughly the same method 
as described in Example 5. Rgure 9 shows tiie above-mentioned process for the construction of pFC36l. 

The DNA of the Fc region gene expression plasmid pFC36l thus obtained was cloven with restriction 
enzymes Sst II and Pst I by the procedure described in Example 4. and after agarose gel electrophoresis 
(gel concentration 0.8%). an Sst II - Pst I DNA fragment of about 1.3 Kbp containing a part of the vector 
region, ttie tac promotor. and an upstream part of the Fc region gene, as shown in Fig. 4. was recovered 
from ttie agarose gel by the procedure described in Example 5, 

On the other hand, tiie DNA of the Fc region gene expression plasmid pFC2ll having tandem translation 
stop codons. obtained in Example II. was cloven witti restriction enzymes Sst II and Pst I by tfie procedure 
described In Example 4, and then a Pst I - Sst II DNA fragment of about 3.6 Kbp containing a downstream 
part of tiie Fc region gene, tandem ti-anslation stop codons. and a major part of the vector region, as shown 
in Fig. 9, was obtained as described above. 

The Sst II - Pst I DNA fragment containing a part of tiie vector region, the tac promotor. and an 
upstream part of ttie Fc region gene; and ttie Pst I - Sst II DNA fragment containing a downstream part of 
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the Fc region gene, tandem translation stop codons, and a major part of the vector region, both prepared as 
above, were mixed and ligated to construct the expression plasmid pFC362 of about 4.9 Kbp wherein the 
tac promoter was followed by the Fc region gene with tandem translation stop codons» by roughly the same 
procedure as described in Example 5. Rgure 9 shows the above-mentioned process for the construction of 
5 pFC362. 

Figure 1 shows a part of the nucleotide sequence of the Fc region gene expression plasmid pFC362. In 
Ftg. L, a polynucleotide represented by a nucleotide sequence from nucleotide position 86 to position 
nucleotide 754 encodes a polypeptide represented by an amino acid sequence from amino acid position 2 
to amino acid position 224, i.e., human IgG Fc region protein. 

10 

Example 13, Expression of Fc region gene 

E. coli C 600 r~m" transformed with an Fc region gene expression plasmid constructed in Examples 9, 
10, liro7T2 was cultured in M 9 medium (prepared by autoclaving an aqueous solution containing 0.6% 

75 Na2HP0* . 0.3% KH2PO4 , 0.05% NaCI, and 0.1% NH4CI. pH 7.4, and then adding to this solution 
separately autoclaved aqueous solutions of MgS04 and CaCl2 to a final concentration of 2 mM MgSO^ and 
0.1 mM CaCl2) supplemented with 30 to 50 ug/ml amplcillln, 0.2% glucose, and 2 mg/ml casamino adds; or 
in L medium supplemented with 30 to 50 ug/ml amplcillin, at 37* C with shaking until the cell density 
reached ODsoo of 0.1. Subsequently. 3,i8-indoleacryric acid (Sigma) was added to the culture medium to a 

20 final concentration of 50 ug/ml when the trp promoter was used, or isopropyl-j5,D-thlogalactoside (Sigma) to 
a final concentration of 5 mM when the tac promoter was used, and culturing was continued at 37*C with 
shaking until the cell density reached OD500 of 0.5. 

The cultured broth thus obtained was centrifuged to collect E. coli cells, and the cells were washed with 
a PBS buffer (20 mM phosphate buffer containing 150 mM NaCI. pH 7.4). The washed cells were then 

25 suspended in the PBS buffer, and the cells were disrupted using a sonicator (Kubota 200 M Type). The 
sonicated suspension was then centrifuged to obtain an E coli lysate eliminating cell debris. 

A Tris-HCI buffer (pH 6.8) was added to the E. coff lysate thus obtained to 60 mM, SDS to 2%, 2- 
mercaptoethanoi to 4%, and glycerol to 10%, andThe~mixture was subjected to SDS-polyacrylamide gel 
electrophoresis (Suzuki, Iden, 31, 43, 1977). The acrylamlde concentration of the separation gel was 12.5%, 

00 and the migration buffer~was "SDS-Tris-glycine buffer (U.K. Laemmil, Nature . 227 . 680 (1970)). After the 
electrophoresis, proteins in the gel were electrophoretlcally transferred to and adsorbed on a nitrocellulose 
filter In a buffer containing 25 mM Tris, 192 mM glycine (pH 8.3) and 20% methanol (Western blotting). 

The nitrocellulose filter on which proteins had been adsorbed was soaked in PBS buffer containing 5% 
bovine serum albumin for 80 minutes, and then the human immunoglobulin G Fc region protein was 

35 specifically stained by an indirect method using, as a primary antibody, a rabbit anti-human IgG-Fc 
component antiserum (Cappel) employing an Immun-blot assay kit (Bio Rad). The results are shown in Fig. 
10. 

In this confirmation procedure, a native human immunoglobulin G Fc region protein prepared by the 
procedure described hereinafter in the reference example was permitted to migrate on the same SDS- 
40 polyacrylamide gel parallel with the test samples, and the density of bands from test samples was 
compared with the density of the band of a known amount of the authentic (natural) sample to determine the 
amount of the former. The results for the various kinds of plasmids are set forth in the following table. 

Table 

45 



Plasmid 


Medium 


Amount of Fc produced (mg/l culture) 


pFC204 


M9 


1 .0 2.0 


pFG203 


M9 


0.1 ~ 0.2 


pFC211 


M9 


0.1 'V 0.2 


pFC361 


L 


0.5 'v 0.8 


pFC362 


L 


0.8 ~ 1.6 



The E. coli C 600 r^m" transformed with plasmid pFC362 produced 15 mg/l culture of the Fc region 
protein underan improved culture condition and medium composition. This amount corresponds to 10% of 
the E. coli cellular protein, and about 300.000 molecules per cell. 

since" the molecular weight of Fc region protein produced by E. coll Is lower by about 5000 dalton than 
that of the native Fc region protein, as seen from Fig. 10. the FcTegion protein produced by E. coli is 
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considered not to have carbohydrate chains. 

Exannple 14, Purification of Fc region protein produced by E. coii 



3 ml of an active type affinity support Affi-Gel 10 (Bio Rad) was coupled with 6.2 mg of affinity-purified 
sheep anti-hunrtan IgQ-Fc component antibody (Cappel) In a 0.1 M MOPS buffer (pH 7.5, Nakaral Kagaku 
Yakuhin) to prepare an affinity column for purification of the E. coli-produced Fc region protein. The 
coupling was carried out at 4' C for two hours, and about 40% ofThesheep anti-human IgQ-Fc component 
antibody used was immobilized on the support. 

The E. coll lysate prepared in Example 13 was passed through the affinity column prepared as 
described above specifically to adsorb the Fc region protein. The column was washed throughout with a 
PBS buffer and 20 mM phosphate buffer (pH 7.4) containing 500 mM NaCI, and then the Fc region protein 
was eluted with a O.I.M glyclne-HCI buffer (pH 2.3). The eluted Fc region protein was dialysed against water, 
and the dialysate was lyophilized. The lyophilizate was subjected to SDS polyacrylamine gel electrophoresis 
(acrylamide concentration 12.5%) by the procedure described in Example 12. After the electrophoresis, 
protein bands in the gel were stained with a sliver stain reagent (Dailch Kagaku Yakuhin). and it was 
confirmed that a high purity E. coli-produced Fc region protein was obtained. 

Reference Example Preparation of native human immunoglobulin G Fc region protein 



0.3 g of human immunoglobulin G (Sigma), 17.5 mg of cysteine, and 7,2 mg of EDTA,2Na were 
dissolved In a PBS buffer (see Example^ 13). 150 ug of papain (Sigma Type IV) were added to the solution, 
and altowed to stand for 7 hours at 37* C, The papain-treated IgG was applied on a gel filtration column 
containing Sephadex G-200 super fine gel equilibrated with PBS buffer to separate the Fc region protein 
and Fab region protein, both generated by the papain treatment from intact IgQ. An aqueous solution 
containing the Fc region protein and Fab region protein thus obtained was dialyzed against water, and the 
dialyzate was lyophilized. The lyophilizate was then applied to DE52.DEAE cellulose (Whatman) column for 
ion exchange chromatography. The column was washed wrth a 10 mM phosphate buffer (pH 7.4) to 
completely elute the Fab region protein, and then the Fc region protein was eluted by a linear elution 
gradient with from 0 mM to 350 mM NaCI in a 10 mM phosphate buffer (pH 7.4). Finally, dialyzation and 
lyophllization were earned out as described above to obtain a natural type human Immunoglobulin G Fc 
region protein. 

Claims 

1. A monomeric human immunoglobulin G Fc region protein comprising the following amino acid 
sequence: 
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Thr-Cys-Pro-Pro-Cys-Pro-Ala-Pro-Glu-Leu- 
(2) 

Leu-Gly-Gly-Pro-Ser-Val-Phe-Leu-Phe-Pro-Pro-Lys-Pro-Lys- 
Asp-Thr-Leu-MEt-Ile-Ser-Arg-Thr-Pro-Glu-Val-Thr-Cys-Val- 
Val-Val-Asp-Val-Ser-His-Glu-Asp-Pro-Glu-Val-Lys-Phe-Asn- 
Trp-Tyr-Val-Asp-Gly-Val-Glu-Val-His-Asn-Ala-Lys-Thr-Lys- 
Pro-Arg-Glu-Glu-Gln-Tyr-Asn-Ser-Thr-Tyr-Arg-Val-Val-Ser- 
Val-Leu-Thr-Val-Leu-His-Gln-Asp-Trp-Leu-Asn-Gly-Lys-Glu- 
Tyr-Lys-Cys-Lys-Val-Ser-Asn-Lys-Ala-Leu-Pro-Ala-Pro-Ile- 
Glu-Lys-Thr-Ile-Ser-Lys-Ala-Lys-Gly-Gln-Pro-Arg-Glu-Pro- 
Gln-Val-Tyr-Thr-Leu-Pro-Pro-Ser-Arg-Glu-Glu-MET-Thr-Lys- 
Asn-Gln-Val-Ser-Leu-Thr-Cys-Leu-Val-Lys-Gly-Phe-Tyr-Pro- 
Ser-Asp-Ile-Ala-Val-Glu-Trp-Glu-Ser-Asn-Gly-Gln-Pro-Glu- 
Asn-Asn-Tyr-Lys-Thr-Thr-Pro-Pro-Val-Leu-Asp-Ser-Asp-Gly- 
Ser-Phe-Phe-Leu-Tyr-Ser-Lys-Leu-Thr-Val-Asp-Lys-Ser-Arg- 
Trp-Gln-Gln-Gly-Asn-Val-Phe-Ser-Cys-Ser-Val-MET-His-Glu- 
Ala-Leu-His-Asn-His-Tyr-Thr-Gln-Lys-Ser-Leu-Ser-Leu-Ser- 

Pro-Gly-Lys , essentially free of other proteins of 

(224) 
human origin. 

A protein according to claim 1 wherein said protein has an amino acid MET at an N-terminal thereof 
adjacent to Thr of amino acid position (2). 

A protein according to claim 1 wherein said protein is not glycosylated. 
A protein according to claim 1 , produced by microbial cells. 

A dimeric human immunoglobulin G Fc region protein consisting of two monomeric protein chains of 
any one of claims 1 to 4. 

A gene fragment comprising a nucleotide sequence coding for the amino acid sequence of claim 1 . 
A gene fragment according to claim 6 wherein the nucleotide sequence of a coding chain is as follows: 



13 



EP 0 227 110 B1 



86 

ACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGAC- 

g CGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGAC- 

CCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAG- 

TTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGG- 

AGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCA- 

GGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCA- 

GCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGG- 

TGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGAC- 

15 CTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT- 

GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCT- 

CCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAA- 

2^ CGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAG- 

754 

AGCCTCTCCCTGTCCCCGGGTAAA 

25 

a A gene fragment according to claim 7 wherein tlie gene fragment comprises tlie following additional 
nucleotide sequence upstream of and immediately adjacent to A of nucleotide position 86: 

1 

30 • 

CTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAAT- 

85 

TGTGAGCGGATAACAATTTCACACAGGAAACAGGATCGGATAATG; 

35 

and the following additional nucleotide sequence downstream of and immediately adjacent to A of 
nucleotide position 754: 

40 765 

TAATAGGATCC 



45 9. A plasmid containing a gene fragment according to claim 6. 

10. A plasmid according to claim 9 wherein the plasmid is selected from the group consisting of plasmids 
pFC203 comprising about 4.0 kbp and having the restriction map shown in Fig. 5, pFG204 comprising 
about 4.0 kbp and having the restriction map shown in Rg. 6. pFC211 comprising about 5.0 kbp and 
50 having the restriction map shown in Fig. 8. pFG361 comprising about 3.9 kbp and having the restriction 
map shown in Fig. 9, and pFC362 comprising about 4.7 kbp and having the restriction map shown in 
Fig. 9. 



55 



11. A microorganism transformed with a plasmid according to claim 9. 

12. A microorganism according to claim 11. wherein the microorganism is E. coli. 

13. A process for production of a monomeric human Immunoglobulin G Fc region protein or a dimer 
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6 



70 



75 



20 



25 



30 



35 



40 



thereof, comprising culturing a microorganism according to claim 1 1 , and recovering the monomeric or 
dimeric protein, or a mixture thereof, and optionally, separating the monomeric protein and dimeric 
protein, and optionally, converting the monomeric protein to the dimeric protein, and optionally, 
converting the dimeric protein to the monomeric protein. 

Revendications 

1. Une prot^ine humaine monom6rique de la region Fc d'immunoglobullne G comprenant la sequence 
d'acides amines suivante: 

Thr-Cys-Pro-?ro-Cys-Pro-Ala-?ro-Glu-Leu- 
(2) 

Leu-Gly-Gly-Pro-Ser-Val-Phe-Leu-?he-Pro-Pro-Lys-?ro-Lys- 
Asp-Thr-Leu-MEt-Ile-Ser-Arg-Thr-?ro-Glu-Val-Thr-Cys-Val- 
Val-Val-Asp-Val-Ser-His-Glu-Asp-?ro-Glu-Val-Lys-Phe-Asn- 
Trp-Tyr-Val-Asp-Gly-Val-Glu-Val-His-Asn-Ala*Lys-Thr-Lys- 
Pro-Arg-Glu-Glu-Gln-Tyr-Asn-Ser-Thr-Tyr-Arc-Val-Val-Ser- 
Val-Leu-Thr-Val-Leu-His-Gln-Asp-Trp-Leu-Asn-Gly-Lys-Glu- 
Tyr-Lys-Cys-Lys-Val-Ser-Asn-Lys-Ala-Leu-Pro-Ala-Pro-lle- 
Glu-Lys-Thr-Ile-Ser-Lys-Ala-Lys-Gly-Gln-Pro-Arg-Glu-Pro- 
Gln-Val-Tyr-Thr-Leu-Pro-Pro-Ser-Arg-Glu-Glu-MET-Thr-Lys- 
Asn-Gln-Val-Ser-Leu-Thr-Cys-Leu-Val-Lys-Gly-?he-Tyr-?ro- 

Ser-Asp-Ile-Ala-Val-Glu-Trp-Glu-Ser-Asn-Gly-Gln-?ro-Glu- 
Asn-Asn-Tyr-Lys-Thr-Thr-Pro-Pro-Val-Leu-Asp-Ser-Asp-Gly- 

Ser-Phe-Phe-Leu-Tyr-Ser-Lys-Leu-Thr-Val'Asp-Lys-Ser-Arc- 

Trp-Gln-Gln-Gly-Asn-Val-Phe-Ser-Cys-Ser-Val-MST-His-Glu- 

Ala-Leu-His-Asn-Kis-Tyr-Thr-Gln-Lys-Ser-Leu-Ser-Leu-Ser- 

?ro-Gly-Lys , essentiellement libre d'autres proteines 
(224) 

d'origine humaine. 



2. Une proteine conforme a la revendication 1 ou la dite proteine possfede un acide amin^ MET en 
45 position N-terminale, c'est k dire adjacent k la Thr (2) . 

3. Une proteine conforme k la revendication 1 ou la dite proteine n'est pas glycosyl^e. 

4. Une proteine conforme k la revendication 1 , produite par des cellules microbiennes. 

50 

5. Une proteine humaine dim§rique de la region Fc d'immunoglobuline G constitute de deux chaines 
prottiques monomtriques de I'une quelconque des revendications 1^4. 

6. Un fragment de gfene comprenant une sequence de nucleotides codant pour la sequence des acides 
55 amines de la revendication 1. 

7. Un fragment de g&ne conforme a la revendication 6 oD la sequence de nucleotides d'une chaine 
codante est ia suivante: 
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86 

ACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGAC- 

CGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCG6AC- 

CCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAG- 

TTCAACTG6TACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGC6GG- 

AGGAGCAGTACAACAGCACGTACCGGGTGGTdGCGTCCTCACCGTCCTGCACCA- 

GGACTGGCTGAATGGCAAGGAGTACAAGTGOUkGGTCTCCAACAAAGCCCTCCCA- 

GCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGG- 

TGTAC^CCCTGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGAC- 

CTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT- 

GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCT- 

CCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAA- 

CGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAG- 

754 

AGCCTCTCCCTGTCCCCQGGTAAA 

8. Un fragment de ghne conforme It la revendication 7 oO le fragment de g^ne comprend la sequence 
de nucleotides addltionnelle suivante en amont de et immediatement adjacente au A de la position 
nuclSotidique 86 : 

1 

CTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAAT- 

83 

TGTGAGCGGA?AACAATTTCACACAGGAAACAGGA?CGGATAATG7 

et la sequence de nucleotides addltionnelle suivante en aval de et immediatement adjacente au A de la 
position nucieotidique 754 : 

765 

TAATAGGATCC 

Un plasmide contenant un fragment de gene conforme h la revendication 6. 

Un piasmide conforme a la revendication 9 oD le plasmide est selectionn§ a partir du groupe constitu^ 
des plasmides pFC203 comprenant environ 4,0 kpb et possedant la carte de restriction representee sur 
la ng.5. pFC204 comprenant environ 4,0 kpb et possedant la carte de restriction representee sur la 
Fig.6. pFC211 comprenant environ 5,0 kpb et possedant la carte de restriction representee sur la Rg.8, 
pFC361 comprenant environ 3.9 kpb et possedant la carte de restriction representee sur la Rg.9. et 
pFC362 comprenant environ 4.7 kpb et possedant la carte de restriction representee sur la Fig.9. 

Un micro-organlsme transforme avec un plasmide conforme la revendication 9. 
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12. Un micro-organisme conforme k la revendication 11, oCl le micro-organisme est E.Coli . 

m 

13* Un proc§cl§ pour la production d'une prot^ine humaine monomerique de la region Fc d'immunoglobuli- 
ne G ou un dim§re de celle-ci, comprenant les Stapes consistant k faire la culture d'un mlcro- 
5 organisme conforme & la revendication 11. et & r^cuperer la prot^lne monomerique ou dim^rlque, ou 
un melange de celles-ci, et facultativement, k s^parer la protelne monomerique et la proteine 
dim^rique, et facultativement, h convertir la proteine monomerique en la proteine dimdrique, et 
facultativement, h convertir la proteine dlm^rique en la proteine monomerique. 

10 PatentansprUche 

1. Monomeres menschliches Immunglobulln Q Fc-Region-Protein enthaltend die nachfolgende Aminosau- 

resequenz: 

'® Thr-Cys-Pro-?ro-Cys-Pro-Ala-?ro-Glu-Leu- 

(2) 

Leu-GlyGly-Pro-Ser-Val-Phe-Leu-?he-Pro-Pro-Lys-?ro-Lys- 
20 Asp-Thr-Leu-MEt-Ile-Ser-Arg-Thr-Pro-Glu-Val-Thr-Cys-Val- 
Val-Val-Asp-Val-Ser-His-Glu-Asp-Pro-Glu-Val-Lys-Phe-Asn- 
Trp-Tyr-Val-Asp-Gly-Val-Glu-Val-His-Asn-Ala-Lys-Thr-Lys- 
25 Pro-Arg-Glu-Glu-Gln-Tyr-Asn-Ser-Thr-Tyr-Arc-Val-Val-Ser- 
Val-Leu-Thr-Val-Leu-His-Gln-Asp-Trp-Leu-Asn-Gly-Lys-Glu- 
Tyr-Lys-Cys-Lys-Val-Ser-Asn-Lys-Ala-Leu-Pro-Ala-Pro-Ile- 
Glu-Lys-Thr-Ile-Ser-Lys-Ala-Lys-Gly-Gln-Pro-Arg-Glu-Pro- 

30 

Gln-Val-Tyr-Thr-Leu-Pro-Pro-Ser-Arg-Glu-Glu-M2T-Thr-Lys* 
Asn-Gln-Val-Ser-Leu-Thr-Cvs-Leu-Val-Lvs-Glv-Phe-Tvr-Pro- 
Ser-As?-Ile-Ala-Val-Glu-Tr?-Glu-Ser-Asn-Gly-Gln-?ro-Glu- 

35 

Asn-Asn-Tyr-Lvs-Thr-Thr-Pro-Pro-Val-Leu-Aso-Ser-Aso-Glv- 
Ser-Phe-?he-Leu-Tyr-Ser-Lys-Leu-?hr-Val-Asp-Lys-Ser*Arc- 
Tr?-Gln-Gln-Gly-Asr.-Val-rhe-S€r-Cys--Ser-Val->2T-His-Gl^^^ 
^ A.la-Leu-His-Asn-His-Tyr-Thr-Gln-Lys-Ser-Leu-Ser-Lau-Ser- 
?ro-Gly-Lys / 
(224) 

45 

im wesentllchen frel von anderen Proteinen menschlichen Ursprungs. 

2. Protein nach Anspruch 1 . wobei das Protein eine Aminosaure MET am N-Terminus davon angrenzend 
an Thr in AminosSureposition (2) aufwelst. 

50 

a Protein nach Anspruch 1, wobei das Protein nicht glykosiliert ist. 

4. Protein nach Anspruch 1 . hergestellt durch mikrobioiogische Zellen. 

65 5. Dimeres menschliches Immunglobulin G Fc-Reglon-Protein bestehend aus zwel monomeren Proteinket- 
ten nach einem der Anspruche 1 bis 4. 

6. Genfragment enthaKend eine Nukleotidsequenz, die die AminosSuresequenz nach Anspruch 1 codiert 
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7. Qenfragment nach Anspruch 6, wobei eine codierende Kette die nachfolgende Nucleotidsequenz 
aufweist 

So 

ACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGAC- 
CGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGAC- 
CCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGG7CAAG- 
TTCAACXGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGG- 
AGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCA- 
GGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCC?CCCA- 
GCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGG- 
TGTACACCC7GCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGAC- 
CTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT- 
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCT- 
CCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAA- 
CGTCTTCTCATGCTCCGTGATGCATGA6GCTCTGCACAACCACTACACGCAGAAG- 

754 

AGCCTCTCCCTGTCCCCGGGTAAA 

8. Qenfragment nach Anspruch 7, wobei das Qenfragment die nachfolgende zusatzliche Nucleotidsequenz 
stromaufwSrts vom und unmittelbar angrenzend an das A in Nucleotidpcsition 86 umfaflt 

1 

CTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAAT- 

83 

TGTGAGCGGATAACAATTTCACACAGGAAACAGGATCGGATAATG; 

und die nachfolgende zusatzliche Nukleotidsequenz stromabwSrts vom und unmittelbar angrenzend an 
das A in Nuldeotidposition 754: 

765 

TAATAGGATCC 

9. Plasmid enthaitend ein Qenfragment nach Anspruch 6. 

10. Plasmid nach Anspruch 9. wobei das Plasmid ausgewShIt ist aus der Gruppe bestehend aus den 
Plasmiden pFC203, das etwa 4,0 kbp umfefit und die in Rgur 5 dargestelKe Restriktionskarte aufweist, 
pFC204, das etwa 4,0 kbp umfafit und die in Figur 6 dargestellte Restrikttonskarte aufweist, pFC21 1 , 
das etwa 5,0 kbp umfaflt und die in Rgur 8 dargestellte Restriktionskarte aufweist, pFC361 , das etwa 
3,9 kbp umfafit und die in Rgur 9 dargestellte Restriktionskarte aufweist und pFC362, das etwa 4,7 kbp 
umfafit und die In Rgur 0 dargestellte Restrikttonskarte aufweist. 
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11. Mikroorganismus transformiert mit einem Plasmid nach Anspruch 9. 

12. Mikroorganismus nach Anspruch 11. wobei der Mikroorganismus E. coli ist. 

13. Verfahren zur Herstellung eines monomeren menschlichen Immunglobulin G Fc-Region-Proteins Oder 
eines Dimers davon. das die ZOchtung eines Mikroorganismus nach Anspruch 1 1 und die Gewinnung 
des monomeren Oder dimeren Proteins oder eines Gemisches davon umfaflt und gegebenenfalls die 
Trennung des monomeren und des dimeren Proteins und gegebenenfalls die Umwandlung des 
monomeren in das dimere Protein und gegebenenfalls die Umwandlung des dimeren in das monomere 
Protein. 



76 



20 



25 



30 



35 



40 



45 



50 



5 



70 



19 



EP 0 227 110 B1 



<i f— 
<H 
oo 

P5 

CDO 
OU 
UO 
C50 
<l- 
CDO 
t~< 
00 
H-< 
l-< 
<l- 
<l- 
00 
OCJ 
H-< 
OU 

l-< 

(DO 

<g 

00 
00 

h< 

CJCD 
00 

< 

OCD 

b< 

<l- 



6 



K < 
OU 

00 



00^ 



K- < 
uoi 

H- < 

So? 

00? 

00 
00^ 

00- 1 
oo.t 

00 
00 
00 

<K 
00 
00 

00 
00 

1— < 
<h- 
00 

<l- 

00. 

I— <c 

<b 
b< 

00 
00 
00 

00 
00 
<K 
00 
<l- 



o 



t 

o 
1. 

Q. 
I 

o 

L 

QL 
I 



I 

A. 



i 




o 
o 

CM 



J— < j: 
K_<Q. 

. 5o> 

OU • 
<h'- 

00 2 
00a. 

<l- * 

oo» 

00; 

003: 
UO i 

00 S 
ool 

• I— <I d 

oo> 
oo< 

l-< d 
OU> 

00- L 

1- <^ 
OU^ 

oul 
ou^ 

UO 
OU 



I 



• u 

o 

u 
u 
u 

• u 

< 



bi 

< d 

u 
u 



I 

3 



I 

o 

a. 
O ' 
O 



U 



too i 

<l 

• UU 

OU 
OU 
UO 

88 

UO 
OU 

<H 

• <l- 

UO 

OU 
<H 
<tl- 
UO 
UO- 

00 < 

•<CI- 

UO=c 
OU 1 

l-< d 

OU > 

OU i 

•OU? 

8U > 
o i 
our 

00 o 

UO 
<!- 
OU 
•OU 

l-< 

OU 
UO 

<)- 

Ou ? 
00 i 



< 

t 

o 
k. 

Q. 
t 

I 

■7 



I 

d 



I 

c 

< 
I 



I 

a. 
< 



t 



< 
O 
»- 

u 
o 
o 

• h- 
u 
< 
o 

< 

o 

o 
o 

o 

< 
U 
•h- 

U 

u 
I- 
o 
u 
o 
< 
u 

I- 

• o 

o 

o 
o 
o 
u 
u 

< 

• o 

u 

< 
u 

o 
< 
< 

? o 

3'< 



6 



o< 

Ox 

OJ, 
< d 

oi 

O « 

o< 

Oi 



< 
o 
o 



t 



u • 

oi 

O i 



< 
< 
< 

• o 

^ 

u 
u 
u 
u 
u 
o o 

* u 
u 
u 

u 
u 
u 
o 



< 
o 
u 

o 

o 
< 
< 
o 
o 
»- 
o 
< 
< 
• o 



oi 

¥1 

I— >> 

UO 

^ i. 

O ' 

OS 

o^ 
o t 

O Q. 
O i 

o- 
o< 

K -J 

Pi 

O i 

o • 

^ CO 

< d 

U * 



o 
< 
o 

< 
u 
•o 

o 



o • 

o SL 
u^ 

O I 

uS 
u • 

^ t 
^ i 

U - 
U o 



20 



EP 0 227 110 B1 



I 

m 

if) 
I 

o 
w 
Q. 
I 

o 

V 

(L 
I 

3 
I 



CD o 
CD u 
O CD 
OCD 

(J CD 
iOO 
U CD 
O CD 
UCD 
CD O 

l-< 

OCD 

U CD 
OCD 
<»- 
»UCD 

<f- 
H < 
CDU 
H< 
CDU 
CDO 

< K 
OCD 

•CJCD 
UCD 
<K 
<l- 
CD CJ 

< I— 
CD CJ 
OCD 
CJ CD 
CJ CD 

»CJO 
CDO 
<K 
OCD 

CD O ^ 
CD O - 
CD O o 

►OCD i 
O CD - 

CD P < 

OCD 
UCD 

H-.< 
OO 



o 
o 

< 

o 
o 
o 



o I 

CD ^ 



I 

c 

I 

o 

<L 
I 

I 

a» 

< 
I 

e 
I. 
Q. 
1 



O 
I 

O 
I 



CO 



O 



O 

o 

CD 



< 

•o 

CD 
CD 

O 
O 

o 
•o 

< 

CD 

O 
O 

o 

o 

o.CD 
< 

o 
< 

CD 
< 
< 

< 

CD 



3 



J- « 

t_ -I 
O-L 

^ i. 
< " 



f— (A 

O JL 
< o 

St 

h- < 

(J i 

CJ 5 



u o*- 

OO ' 
OPjC 
<H»r 
OO 1 
OOi 

o o i 

OO L 
I- <7 

< r- 
<!-< 

.004 

<!-< 
CDO i 

CDO? 
CDO i 
O CD 
O CDO- 
CDOi 
•<l-- 

O CD^ 
CDO » 
CDO- 
CD 00 

b < c 

< h-< 

OCD I. 

CDO? 
CDO ' 
CD O ? 

CDO ; 

CDO® 
•CDOl 
I- < 

oo> 

OCD i 
OCD- 
00? 

oo< 



O J- 
oi 



O 
< 

o 
< 

►CD 
CD 

CD 
O 

o 

< 

o 
o 

< 
o 
o 
< 



O^ 
O -i- 

O I 

< « 

CD 

O i 

^ >s 

CD i 
O 5 



O 

o 
o 



o 



o 
o 

o 
o 
o 

o 
o 

o 

u 

o 
\- 
o 

O O 
<0 (J 



o i 

o • 
<2 

<*• 

CD ' 
O I. 

o • 
o - 

o< 

CD 1 
CD « 

^ CO 

r- • 

o< 

< • 

O-i 

< o 

o ; 
o ; 

CD 0. 



O 

o 
< 

3 

< 

•O 

O 

b 

CD 
CD 
< 

o 
o 

< 

CD 

O 
O 
•O 

O 
CD 

O 

o 



o 

o 
o 
< 
< 
o 

CD 
CD 

1 

o 

CD 

CD 

CD 
•CD 
< 



CD 

O 
CD 



I 

c 

< 
I 



I 

0 



CD 
< 

o 
o 
o 
l- 
o 

o 
o 

< 



I 

Ui 



O JL 

< cf 

o> 

CD i 
CD ^ 

O i 

CD « 

< r 

s?- 

<l « 
O i 

L. < 

o- 

CD « 

81 

o ? 
o ? 



o 
•o 
< 

< 

? 

•CD 

CD 
O 
O 

8 

O 
CD 

•c5 
o 
o 

o 

o 
o 

1 

o 
o 
o 
< 

o 
•< 



o 
o 
< 
\- 
o 

u * 

<? 

J— » CM 
I I CM 

< i."* 
o- 

OCD 

Hz 

o ' 



CO 

CD -J 
CD I 

<r CO 

§• 

O • 

Oi 



o? 

o 1 

<•- 



21 



EP 0 227 110 B1 




22 



1 



EP0 227 110 B1 



Fig. 3 
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Fig. 7 



Cjfal 




27 



V 

EP 0 227 110 B1 




28 



EP 0 227 110 B1 



Fig. 9 
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Fig. 10 
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